The Yale/SMARTS optical-near-IR monitoring program has followed the variations in emission of the Fermi-LAT monitored blazars in the southern sky with closely spaced observations since 2008. We report the discovery of an optical-near-IR (OIR) outburst with no accompanying γ-rays in the blazar PKS 0208-512, one of the targets of this program. While the source undergoes three outbursts of 1 mag or more at OIR wavelengths lasting for > ∼ 3 months during 2008-2011, only interval 1 and 3 have corresponding bright phases in GeV energies lasting > ∼ 1 month. The OIR outburst during interval 2 is comparable in brightness and temporal extent to the OIR flares during intervals 1 and 3 which do have γ-ray counterparts. γ-ray and OIR variability are very well-correlated in most cases in the Fermi blazars and the lack of correlation in this case is anomalous. By analyzing the γ-ray, OIR, and supporting multi-wavelength variability data in details, we speculate that the location of the outburst in the jet during interval 2 was closer to the black hole where the jet is more compact and the magnetic field strength is higher, and the bulk Lorentz factor of the material in the jet is smaller. These result in a much lower Compton dominance and no observable γ-ray outburst during interval 2.
Introduction
Fermi Gamma-Ray Space Telescope with its clever observing strategy of scanning the sky every three hours and supporting multi-wavelength monitoring by numerous research groups has been ideal to obtain high-quality variability information of a large sample of blazars with unprecedented richness. The analysis of the resulting data have have generated important recent studies of blazar jets (e.g., Abdo et al. 2010a,b) . The bright source list from the Fermi 2-yr catalog (2FGL) contains more than 1000 active galactic nuclei, most of which are blazars (Ackermann et al. 2012; Nolan et al. 2012) . The number of sources is large and the variability timescale in many blazars is similar at γ-ray and optical-near-IR (OIR) bands. Therefore, one should ideally design OIR monitoring programs such that the sampling frequency of a source at OIR and γ-ray energies are similar while maintaining a regular cadence for many sources. Given a constant amount of observing time at the OIR frequencies we should arrange the cadence so that sources with enough γ-ray flux to be detected with an integration time of N days should be observed every N days. This means we should increase the cadence of γ-ray-bright sources and decrease that of the quiescent ones.
Here we report one successful example of opticalnear-IR monitoring with such flexible cadence, namely, the Yale/SMARTS optical-near IR monitoring program 1 Chatterjee et al. 2012) . Among other Fermi-LAT monitored blazars in the southern sky, we have followed the variations in emission of PKS 0208-512, a blazar at redshift z=1.003 (Healey et al. 2008) . It was discovered in the Parkes Survey of Radio Sources (Bolton et al. 1964) and was detected regularly (Thompson et al. 1995) by EGRET on board the Compton Gamma Ray Observatory (CGRO). Most recently, multi-wavelength observations of its large-scale jet were presented in Perlman et al. (2011) . PKS 0208-512 was originally classified as a BL Lac object based on the equivalent width of MgII line (Healey et al. 2008) . Recently, Ghisellini et al. (2011) 
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Figure 1: Variation of 0.1-300 GeV γ-ray flux from Fermi -LAT in daily and monthly bins, X-ray flux and hardness ratio from Swift-XRT, B−, R− and J−band flux densities, and B − J color (from ANDICAM on SMARTS 1.3 m telescope) of PKS 0208-512 from 2008 August to 2012 February. The gray shaded regions indicate three intervals during which the source underwent long-term and powerful outbursts at optical-near IR wavelengths. While the GeV flux increased during intervals 1 and 3, the source was detected at a very low γ-ray flux level at only one monthly bin during the second interval. In Section 2, we present the observations and data reduction procedures. In Section 3, we describe the results. We discuss possible scenarios that can explain the nature of the observed γ-ray/OIR variability in Section 4.
Data

GeV Data
We derived the 0.1-300 GeV γ-ray flux of PKS 0208-512 by analyzing data from Fermi-LAT using the standard Fermi-LAT Science Tools software package (version v9r27p1). We analyzed a Region of IneConf C121028 terest of 15
• in radius, centered at the position of PKS 0208-512, using the maximum likelihood algorithm implemented in gtlike, modeling sources with a simple power law. We included all sources within 15
• of PKS 0208-512, extracted from the Fermi 2-yr catalog (2FGL), with their normalizations kept free and spectral indices fixed to their catalog values. We use the currently recommended P7SOURCE V6 set of the instrument response functions, Galactic diffuse background model, and isotropic background model. In the Fermi LAT Second Source Catalog, PKS 0208-512 has been modeled with a simple power-law of index 2.39±0.04 and its curve significance is 1.6. This value of the curve significance is much lower than 16.0 which indicates switching to a curved spectrum such as log parabola will not improve the fit significantly. Hence, we fix the spectral index of PKS 0208-512 at 2.39 in the model file used in the gtlike analysis.
The detection significance of PKS 0208-512 in 2FGL, which integrates the first 24 months of data, is 35.8σ. We calculate the fluxes of PKS 0208-512 from 1-day integrations during 2008 September to 2012 February, with a detection criterion that the maximum-likelihood test statistic (TS) exceed 25.0. A TS value of 25.0 is roughly comparable to a 5σ detection. This light curve is shown in the top panel of Figure 1 . The GeV light curve is more sparsely sampled than that in the optical-near IR frequencies. This is because the blazar was not detectable at TS > 25.0 level with 1-day integrations for long periods during the 3.5 yr time interval considered here. To investigate the nature of GeV variability of this blazar during intervals when it was not detected in 1-day bins, we also calculate the GeV fluxes from 30-day integrations during 2008 September to 2012 February. We show the monthly light curve in the second panel of Figure 1 . The gaps in the monthly light curve consist of bins when PKS 0208-512 was not detected at TS > 25.0 level even with a 30-day integration.
We identify three intervals during which PKS 0208-512 undergoes outbursts at OIR wavelengths lasting for > ∼ 3 months with date ranges i) MJD 54690-54856 (2008 August to 2009 January) ii) MJD 55087-55233 (2009 September to 2010 February) and iii) MJD 55712-55893 (2011 May to 2011 November). These intervals are shown as the gray shaded regions in Figure  1 . These intervals are defined such that i) they contain a steady rise of flux by 1.3 magnitudes or more ii) they contain the corresponding decaying branch down to the "quiescent" level at which the rise started iii) in the cases where another steady rise of ∼ 0.5 magnitude or larger started before the flux level decreased to the "quiescent" level, then the interval is cut off at the start of the said rise and iv) the length of each interval is 2 months or more. While defining "steady" rise or decay, we ignore small fluctuations in the rising or decaying branch which are less than 0.5 magnitudes and/or less than a month long because our goal in this work is to investigate the intervals containing longer-term and more powerful outbursts. We include two large OIR outbursts together in interval 3 because they were very close in time and only the decaying branch of the first flare was fully sampled in OIR frequencies. We assume that for our purpose counting these two subsequent outbursts into one interval simplifies the interval definitions without any loss of information. We test this in subsequent analysis.
In contrast to the three intervals containing large OIR outbursts, the source undergoes bright phases in GeV energies lasting > ∼ 1 month only during intervals 1 and 3. While during intervals 1 and 3, the blazar was detected at numerous daily bins and all monthly bins, it was detected in no daily bin and only one monthly bin during interval 2. The average GeV flux during the monthly bin was (5.1 ± 1.4)×10 −8 ph cm −2 sec −1 .
eConf C121028 th Fermi Symposium : Monterey, CA : 28 Oct-2 Nov 2012 This is more than an order of magnitude fainter than that in intervals 1 and 3. To better compare optical and γ-ray variations, we also obtained a GeV light curve of this blazar with a detection criterion of TS > 4.0 (comparable to a 2σ detection). We plot this light curve for all three intervals along with R−band variability in Figure 2 .
Optical-Near-IR and X-Ray Data
All of the measurements in B−, R−, and J−band are from the ANDICAM instrument on SMARTS 1.3m telescope located at CTIO, Chile. ANDICAM is a dual-channel imager with a dichroic that feeds an optical CCD and an IR imager, which can obtain simultaneous data at one optical and one near-IR band. For details of data acquisition, calibration and data reduction procedures, see Bonning et al. (2012) .
We obtained the X-ray flux and hardness ratio during the same interval from the Swift -XRT monitoring program of Fermi-LAT sources of interest 2 . Most of the observations were carried out with exposure times of ∼1 ks. The mean count rate was 0.07 cts/s in 0.3-10.0 keV energy range and the mean background count rate was 0.0007 cts/s during this entire period. As in the optical, X-ray variability was present during all three intervals. We use the Swift -XRT data products generator 3 (Evans et al. 2009 ) to derive the average photon index during the three relevant intervals. The photon index stays between 1.58 and 1.75, indicating no significant difference between intervals. The gaps in the X-ray light curve denotes intervals during which PKS 0208-512 was not observed by Swift. B−, R−, and J−band light curves, and the variation of the B − J color, X-ray flux and hardness ratio are shown in Figure 1. 2 http://www.swift.psu.edu/monitoring/ 3 http://www.swift.ac.uk/user objects/docs.php
Parsec-Scale Structure of the Jet from VLBI data
Very Long Baseline Interferometry (VLBI) imaging is the only direct way to study the dynamics of blazar jets at parsec scale. Contemporaneous VLBI monitoring along with photometric monitoring at multiple wave bands can provide important clues about the location and mechanism of relevant emission processes in blazar jets. Time variability studies in the EGRET era involving GeV light curves and Very Long Baseline Array (VLBA) monitoring have indicated a connection between the "ejection" of new radio knots in the pc-scale jet of blazars and outbursts at γ-ray energies (Jorstad et al. 2001; Lähteenmäki & Valtaoja 2003) . Ejection is defined as the separation of a radio knot from the "core". The core may be a standing shock seen as a (presumed stationary) bright spot in the pc-scale jets of blazars in VLBA images. More recently, Agudo et al. (2011); Marscher et al. (2008 Marscher et al. ( , 2010 have inferred that the γ-rays in some blazars are produced downstream of the VLBI core (which lies > ∼ 1 pc from the central super-massive black hole) analyzing a combination of time-dependent multi-waveband flux and linear polarization observations, and submilliarcsecond-scale polarimetric VLBI images at 7 mm.
The blazar PKS 0208-512 is a source in the southern sky and it has been observed roughly once every six months since the end of 2007 as part of the Tracking Active Galactic Nuclei with Austral Milliarsecond Interferometry (TANAMI) campaign (Blanchard et al. 2012) . The VLBI observations are typically made with all Australian LBA antennas (the Australia Telescope Compact Array or ATCA, Parkes, Mopra, Ceduna and Hobart) and often other southern hemisphere antennas including the Tidbinbilla 70m, TIGO, O'Higgins and Hartebeesthoek. The images from this monitoring program shows that a new jet component may have been ejected ∼ 6 − 10 months before both large γ-ray outbursts (intervals 1 and 3) but not beeConf C121028 fore or during interval 2. Assuming an uncertainty of ∼3 months because of the sampling rate of once every 6 months in this program, it may imply a connection between an increase in GeV emission and ejection of new components in the pc-scale jet similar to that seen in other blazars, e.g., PKS 1510-089, OJ 287, and BL Lac.
Results
γ-Ray/Optical Correlation in Intervals 1 and 3
From Figure 2 , it is evident that the GeV and R−band variability are remarkably well-correlated during intervals 1 and 3. To confirm this, we crosscorrelate the γ-ray and R−band light curves using the discrete cross-correlation function (DCCF; Edelson & Krolik 1988) . A similar cross-correlation analysis for interval 2 was not possible due to infrequent detection even at TS > 4.0 level. As shown in Figure 3 , the γ-ray and R-band variability in this blazar during both intervals are very strongly correlated with zero time lag. This is consistent with similar correlated γ-ray and optical/near-infrared variability seen in many other blazars (e.g., Bonning et al. 2009 Bonning et al. , 2012 . The degree of correlation and lack of a significant lag can be explained by the standard leptonic scenario in which the γ-rays and OIR emission are generated by the same relativistic electrons in the jet through inverse-Compton and synchrotron processes, respectively. The source of the seed photons that are being scattered may be the synchrotron photons generated within the jet, in which case it is termed synchrotron self-Compton (SSC) process (Chiang & Böttcher 2002; Maraschi et al. 1992) , or from outside the jet (radiation from broad emission line region, accretion disk, or dusty torus), termed external Compton or EC process (Coppi & Aharonian 1999; Dermer et al. 2009; Sikora et al. 1994) . Both SSC and EC scenarios predict strong correlation with zero time lag.
Absence of Correlation in Interval 2
As shown in Figure 1 , the source underwent an optical-near IR outburst during interval 2. The increase of brightness was comparable to that in interval 1 and the B − J color variations (bottom panel of Figure 1 ) were similar to those in intervals 1 and 3. But unlike those flares, in interval 2, there was no significant increase in the GeV flux and the average GeV flux was smaller than average flux values of intervals 1 and 3 by at least an order of magnitude.
Note that there is no significant difference in the nature of the GeV/R−band correlation in the two consecutive flares during interval 3 (Figure 2 ). This is consistent with including them together as part of the same interval.
Discussion
There is one scenario in which a change at opticalnear-IR wavelengths is not accompanied by a change in the GeV energies, namely, the optical synchrotron emission is due to a change in the magnetic field only, i.e., its magnitude and/or direction, while the GeV emission is due to a temporarily steady external Compton process. Inverse-Compton emission depends on the total number of emitting electrons (N e ), Doppler factor (δ), and the number of seed photons available for scattering while synchrotron emission depends on N e , δ, as well as the magnetic field and the viewing angle in the form Bsinφ, where viewing angle (φ) is defined as the angle between the direction of the magnetic field vector and the line of sight. Variability in the observed γ-ray and OIR emission can be generated by changes in any one or a combination of these parameters. Hence, we conclude that the OIR outburst during interval 2 might be caused by a change in the magnetic field in the emitting region without any change in the other two parameters described above.
The X-ray emission from FSRQs is often dominated by the SSC process (Chatterjee et al. 2008; Hartman et al. 2001; Mukherjee et al. 1999; Sikora et al. 2001 ) which means that changes in magnetic field should lead to X-ray variability at a level similar to those changes. This is roughly consistent with the relative variability in optical and X-ray flux seen here. We note that the optical synchrotron emission and the SSC X-rays are produced by different parts of the electron distribution. Assuming a B field of 1 Gauss, synchrotron emission at optical wavelengths is generated by electrons of Lorentz factor γ ∼ 10 4 while SSC X-rays are produced by γ ∼ 10 2 assuming average seed photons to be at the IR wavelength range where the synchrotron peak occurs for most FSRQs. The difference in the OIR and X-ray variability, if any, in 0208-512 during interval 2 can be attributed to this.
In another possible scenario, the large difference in the GeV/OIR ratio between intervals 1 and 3 vs interval 2 may be caused by the location of the outbursts. The acceleration and collimation of magnetohydrodynamically launched jets occur over an extended region ( Hence, an outburst taking place closer to the black hole may be associated with a smaller bulk Lorentz factor (Γ). In contrast the corresponding magnetic field and particle density will be larger due to its compactness. It has been shown eConf C121028 th Fermi Symposium : Monterey, CA : 28 Oct-2 Nov 2012 that the EC/synchrotron ratio can be dramatically different depending on the location where a given outburst takes place, with EC becoming relatively more dominant for outbursts occurring farther down the jet (Katarzyński & Ghisellini 2007) . The apparent seed photon field seen by the emitting electrons is boosted by a factor of Γ 2 causing a significant dependence of the EC/synchrotron ratio on Γ. If the outburst during interval 2 is generated closer to the BH where Γ is smaller while the outbursts in intervals 1 and 3 are produced farther down the jet where Γ is larger, the optical-near IR emission will be significantly more dominating than that in the GeV bands during interval 2 than the other two. A factor of two decrease in Γ coupled with a factor of two increase in B can produce the change of EC/synchrotron ratio we see from interval 1 to 2.
Modeling of truly simultaneous time variable spectral energy distribution (SED) from radio to γ-rays is the holy grail of blazar physics. Such analysis for a large sample of blazars is now possible with the data available from Fermi and supporting multiwavelength programs. However, detailed spectral studies are quite ambitious in their need of spectral coverage and computation time. Given a stipulated supply of computation time and multi-waveband data, suitable events need to be sorted out for detailed study. This study is one of the very few cases where one of two specific physical scenarios can be identified for certain observed events in a blazar jet. These events are ideal candidates for detailed modeling of the time variable SED and inspired multiple modeling studies which are currently underway (Chen et al., Chatterjee et al., both in prep) . These may provide stronger constrains on the relevant physical parameters in blazar jets which may lead to a better understanding of the physical parameters and processes in the jet very close to the black hole which is one of the fundamental goals of studying blazars.
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